Site-directed mutagenesis studies of the hypoxia-inducible factor-1alpha DNA-binding domain.
Hypoxia-inducible factor-1 (HIF-1), a heterodimeric transcription factor, is activated when cells are exposed to hypoxia. It is composed of two subunits, HIF-1alpha and ARNT. When activated, it binds to the hypoxia-responsive element (HRE) and up-regulates the expression of several genes (vascular endothelial growth factor (VEGF), erythropoietin (EPO), enolase, em leader ). By molecular modeling, a 3-D model for the complex between the DNA-binding domain of HIF-1 (bHLH domain) and its consensus DNA sequence has been developed. Specific interactions between three amino acids (Ser22, Ala25, Arg30) of the HIF-1alpha subunit and DNA bases were identified. In order to further investigate the role of these amino acids, we generated four mutants of the HIF-1alpha subunit using site-directed mutagenesis. The activity of each mutant was tested using a reporter gene containing either 6 HRE sequences or the authentic human VEGF promoter. The results show that three mutants, Ala25Ser, Ala26Glu and Arg30Ala, were no longer active in the reporter gene assay. On the other hand, the Ser22Ala mutant increased the reporter gene expression, in normoxia as well as in hypoxia. These results correlate with the ones obtained when the DNA-binding capability of the mutants was assayed by electrophoretic mobility shift assays (EMSA): Arg30Ala and Ala26Glu mutants bind very weakly to HRE while the Ser22Ala mutant has the same binding capacity as the wild-type HIF-1alpha. These results bring new insights on the specificity of the protein/DNA interactions for HIF-1 towards HRE.